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1
SENSOR UTILIZING BAND PASS FILTERS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is entitled to the benefit of and incorpo-
rates by reference essential subject matter disclosed in Inter-
national Patent Application No. PCT/DK2010/000045 filed
on Apr. 16, 2010 and Danish Patent Application No. PA 2009
00506 filed Apr. 17, 2009.

FIELD OF THE INVENTION

The invention relates to a sensor having a filter arrange-
ment, downstream of which there is arranged a detector
arrangement, and an evaluating device which is connected to
the detector arrangement, the filter arrangement has at least a
first filter, the suspect filter, which is configured as a band pass
filter allowing the passage of a first predetermined band, the
suspect band, at least one second filter, the reference filter(s),
which is configured as a band pass filter allowing the passage
of'a second predetermined band(s), the reference band(s), and
where the detector arrangement has at least one detector
associated with at least one of the filters. The band passes
reference filters are distributed above and below the band pass
of the suspect filter. The sensor with advantage could be
utilized within the IR band, and could advantageously be used
to detect CO,.

BACKGROUND OF THE INVENTION

Such a sensor, which is configured as a gas sensor, is
known, for example, from U.S. Pat. No. 5,081,998 A. An IR
radiation source is provided therein, which acts upon a total of
four detectors by way of a filter arrangement. The filter
arrangement has two filters having different pass character-
istics. A first filter has a pass band for IR radiation that is
absorbed by CO,. That filter is therefore also referred to as a
“CO, filter”. The detectors arranged downstream are desig-
nated CO, detectors. The other filter has a pass band different
therefrom which serves for determining a reference quantity.
The detectors arranged downstream of that reference filter are
referred to as reference detectors. Between the IR source and
the two filters there is arranged a third filter which is referred
to as a natural density filter and overlaps half of the first filter
and half of the second filter. Accordingly, one of the two CO,
detectors and one of the reference detectors receives only IR
radiation that has passed both through the natural density
filter and through either the CO, filter or the reference filter. In
the evaluating device, the difference of the output signals of
the two CO, detectors and the difference of the two reference
detectors is formed. The two differences are then divided by
one another. Such a CO, sensor is required, for example, for
determining CO, in a patient’s breath so as to be better able to
monitor the patient during anaesthesia.

A disadvantage of such sensors is that they have a relatively
high power requirement, and another disadvantage is the
number of detectors required. The arrangement known from
U.S. Pat. No. 5,081,998 A requires a source of radiation
which, in any case for prolonged use, makes it unsuitable for
battery-operated use. Furthermore, such an IR source gener-
ally requires a certain heating-up period, so that without a
degree of prior preparation it is not always possible to carry
out measurements when desired.

The problem underlying the invention is to simplify the use
of an IR sensor, which is introduced in the sensor described in
US 2008/0283753, wherein the pass band of a first filter is
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arranged within the pass band of a second filter and the
evaluating device forms the difference of the signals of the
detectors and normalizes it to the signal of a detector.

That configuration makes it possible to evaluate substan-
tially more IR radiation. The IR radiation is therefore not
divided into two separate ranges, with each detector detecting
only one range. Instead, one detector detects IR radiation
having a pre-set spectral range, which also includes, for
example, the absorption spectrum of the gas being deter-
mined, here CO,. The other detector detects an IR spectrum
from a sub-range thereof, which does not include the absorp-
tion spectrum of the gas being determined. The normalization
of the difference to the output signal of a detector enables
fluctuations in the intensity of the IR radiation to be compen-
sated. It is also possible to use more than two sensors with a
correspondingly greater number of filters, the individual pass
ranges then overlapping accordingly. With such a sensor it is
also possibleto obtain other information, for example relating
to temperature, to movement in the room, to the number of
persons in the room, etc. Because it is possible to detect
substantially more radiation, the power consumption can be
reduced, so that the necessary power can also be supplied by
a battery. That in turn gives greater freedom in terms of local
mounting and use. The sensor can transmit its signals wire-
lessly.

The pass band of the first filter is preferably larger than the
pass band of the second filter. Accordingly, the first filter, in
addition to including the spectral range allowed to pass by the
second filter, also includes the spectral range in which IR
radiation is absorbed.

The two filters preferably have a common cut-off wave-
length. That simplifies evaluation. The difference between the
output signals of the detectors can then readily be formed
without additional calculation steps being necessary. The cut-
off wavelengths are the wavelengths that define, that is to say
limit, the pass bands. They are referred to as “lower wave-
length” and “upper wavelength”.

It is how ever a known situation, that the amount as well as
the spectral distribution of radiation of an emitter has a depen-
dence of the temperature of the emitter. This is given by the
well known Planck’s distribution of radiation. Given a tem-
perature of the emitter, a Planck curve then gives the depen-
dence of the radiation to the wavelength, where the Planck
curves has a maximum radiation at some wavelength, the
maximum radiation value as well as the wavelength of the
maximum radiation being temperature dependent.

Using a natural source in sensor systems such like the one
described in for example US 2008/0283753, would make the
pass bands of the filters change in energy (or in other words,
the radiation intensity density) over the band of wavelengths.

This construction is able to compensate for changes in the
intensity of radiation of the light source, however, is not
robust to for example temperature changes of the light source.

It is one object of the present invention to introduce meth-
ods to solve these problems of the present sensors, and a
sensor utilizing the solutions.

SUMMARY OF THE INVENTION

The present invention solves these problems by introduc-
ing that the suspect filter and the reference filter(s) has difter-
ent cut-off wavelengths, in that both the both lower wave-
lengths and wupper wavelengths differs. The “lower
wavelength” is the lowest wavelength from which the filters
allow passage of radiation, and the “upper wavelength” is the
highest wavelength higher that the lower wavelength, from
which the filters shuts off passage of radiation.
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The ranges of allowed wavelengths of the suspect filter are
in the following being referred to as the “suspect band”, and
the allowed wavelengths of the reference filter(s) are in the
following being referred to as the “reference band(s)”.

As written, the suspect lower wavelength in the present
invention is different to the reference lower length(s), and the
suspect upper wavelength is different to the reference upper
wavelength(s). This has the advantage that changes, such like
the spectral distribution of the intensity of the incoming radia-
tion, for example caused by temperature fluctuations of the
source, can be compensated by distributing the reference
band(s) above and below the suspect band. In one preferred
embodiment of the present invention, this distribution is so
that by a change in temperature, the increase in radiation
intensity (or intensity density or energy) over the reference
band roughly equals the increase in radiation intensity (or
intensity density or energy) over the suspect band.

In one alternative or additional embodiment, the mean
value, or average, of the radiation intensity density (or
energy) over the suspect band roughly equals the mean value,
or average, of the radiation intensity density (or energy) over
each of the reference bands.

In one alternative or additional embodiment, the radiation
intensity density (or energy) over the suspect band roughly
equals the mean value, or average, of the radiation intensity
density (or energy) over the whole of the combined reference
bands. (the ‘reference filter system band’ is the combined
reference bands of all the reference filters).

In another alternative or additional embodiment, the radia-
tion intensity density (or energy) over the suspect band
roughly equals the mean value, or average, of the radiation
intensity density (or energy) of one of or each of the reference
bands.

The filters of the present invention may be formed by filter
elements in series, or by one single filter element operating
both as suspect filter and reference filter(s). When two or
more filters are arranged as filter elements in series, they are
arranged one after the other in the radiation direction, that is
to say between the radiation source(s) and the detectors.

The sensor with advantage may operate within any radia-
tion wavelength, and the source may be any radiation source.

The example in the following describes a sensor for deter-
mining the CO, content in an environment where a IR source
would be preferred as light source, however, any other sub-
stances than CO, would also apply to the present invention,
just as any other light source than within the IR band would
apply.

In a further embodiment of the present invention, at least
one reference filter (to be called the first reference filter) has
areference band, called the first reference band, with a wider
span of wavelengths than the suspect band, where the first
reference lower wavelength of this first reference filter is at a
lower wavelength than the suspect lower wavelength, and the
first reference upper wavelength of this first reference filter
has a higher wavelength than the suspect upper wavelength.
In this manner, the suspect band overlaps the first reference
band.

In this embodiment, the centre wavelength of the first ref-
erence band (the first centre reference wavelength) and the
centre wavelength of the suspect band may be the same, or
may be different.

For a change in temperature, the relative change in inten-
sity in the suspect and reference band must be equal in order
for the temperature dependency to cancel out.

When using radiation sources, actively powered or natural
the relative change in intensity depends unlinearly on the
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4

wavelengths spanned by the bands. Therefore the unmatching
centre wavelength can be introduced to improve stability to
temperature drift.

In this example, the reference filter(s) advantageously has
apass band that is from 0.2 to 1 um greater than the pass band
of'the suspect filter. It is desirable for the suspect filter to cover
basically only a relatively narrow wavelength range or spec-
tral range of the radiation spectrum, for example the range in
which IR radiation is absorbed by CO,. The range indicated is
sufficient for this. The risk that absorption by other gases will
have an adverse effect on the measurement result and falsify
that result is kept small.

It is preferable here for the first reference filter to have a
pass band in the range from 4 to 4.5 um and the suspect filter
to have a pass band in the range from 4.1 to 4.4 pm. In
dependence upon the gases or other quantities being detected,
those spectral ranges can of course also be shifted.

In another preferred embodiment of the present invention,
the system comprises a first and a second reference filter with
a first and second reference band respectively (together con-
stituting the combined reference bands), where the first and
second reference bands are non-overlapping, meaning they
span no common wavelengths. This may be an advantage if
there are other gasses etc. in the environment than the gas(ses)
ofinterest, with absorption bands in the vicinity ofthe suspect
band, that could influence the measurements, in that it is
difficult to avoid overlapping a reference band with such
‘pollution’ bands. By ensuring that at most one references
band is affected by such a ‘polluting’ absorption band, it will
be known that at least the other is unaffected.

In one preferred version of this embodiment, at least one of
the first or second reference bands overlaps the suspect band,
meaning that the first reference upper wavelength is at a
higher wavelength than the suspect lower wavelength, and/or
the second reference lower wavelength is at a lower wave-
length than the suspect upper wavelength, but at a higher than
the first reference upper wavelength, thus leading to the first
and second reference bands extending at each side of the
suspect band, but without overlapping.

In another preferred version of this embodiment, the first
reference upper wavelength is at a lower wavelength than the
suspect lower wavelength, and the second reference lower
wavelength is at a higher wavelength than the suspect upper
wavelength, thus leading to the first and second reference
bands extending at each side of the suspect band.

In an alternative embodiment, the first and second refer-
ence bands are overlapping having at least one common
wavelength.

Inan especially preferred configuration, the sensor uses the
natural radiation, such as IR radiation, from the environment.
There is therefore no need for a source of radiation that needs
a separate power supply and accordingly has a certain power
requirement. IR radiation is generally present everywhere,
even when there is no incident sunlight. In principle every
body emits a certain amount of thermal radiation. Because it
is then possible to do without an IR radiation source, the
“measurement range” is also broadened, that is to say it is
possible to monitor relatively large areas of a room for the
content of the gas in question. This facilitates the monitoring
and establishment of a “personal room climate” or the indoor
air quality. [tis unnecessary first to conduct the air in the room
to a sensor where it is passed between the source of IR
radiation and the detectors with upstream filters. It is suffi-
cient for the sensor to be arranged at a point in the room where
it can, as it were, “survey” the volume of air to be monitored.
In that case, the gas sensor can, as it were, detect the averaged
gas concentration in a simple way. The sensor therefore deter-
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mines an average value, which, particularly for the personal
room climate, constitutes a substantially better measurement
result. Of course, it is also possible to use the sensor to
improve the technology of sensors that operate with lamps or
other means of lighting. When natural or ambient IR radiation
is used, the energy of the light means can be reduced. That
results in longer maintenance intervals and a longer service
life.

The filters preferably contain CaF,, germanium or silicon.
The filter and any other parts of the sensor device where it
would make sense, preferably has an anti-reflective coating in
order to improve transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described herein below with refer-
ence to a preferred exemplary embodiment in conjunction
with the drawings.

FIG. 1 is a diagrammatic view for explaining the operating
principle of the present invention;

FIGS. 2A-E shows, in diagrammatic form, pass bands of
two or three filters;

FIG. 3 shows in diagrammatic form a Planck curve and a
band with a none-constant radiation intensity.

FIG. 4 shows, in diagrammatic form, the amount of energy
that can be detected by detectors;

FIGS. 5A-D are block circuit diagrams for explaining dif-
ferent embodiments of the structure of the gas sensor;

FIGS. 6A-B are temperature relations relevant to the
design parameters of the sensor according to the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a diagrammatic view of a gas sensor (1) for
determining for example the CO, content (carbon dioxide
content) in a measurement region (3), where the sensor (1)
comprises a detection part (2). The measurement region may
be, for example, a room or the portion of a room in which the
personal room climate is to be regulated. A sun symbol (4)
represents a radiation source, such as for example a natural IR
source, passive sources, or any imaginable active source (sun-
light, laser, light diodes, controlled hated sources etc.) The
sun symbol (4) serves here merely for explanation purposes.
The gas sensor (1) also operates in the absence of sunlight,
because in principle virtually any body radiates heat and thus
generates IR rays.

In the example, a large number of CO2 molecules (5) are
present in the measurement region (2), the CO2 molecules (5)
being represented herein by small circles. The gas molecules
(5) absorb IR rays in a specific spectral range. The greater the
concentration of CO2 the lower the energy in a specific spec-
tral range that can be detected in the gas sensor (1).

FIG. 5A shows, in diagrammatic form, a block circuit
diagram for explaining the structure of the simple detecting
part (2) of a gas sensor (1). The detecting part (2) has a filter
arrangement (6), a detector arrangement (7) and an evaluating
device (8). Further details, such as the housing, fixing means
or the like, are not shown herein.

The shown filter arrangement has a first reference filter (10)
and a suspect filter (9), where the two filters (9) and (10) have
different pass characteristics, where one embodiment is
shown in FIG. 2A. The first reference filter (10) allows pass-
ing of wavelengths within the firsts reference band RB1, and
the suspect filter (9) allows the passing of wavelengths within
the suspect band SB. The embodiment in FIG. 2A shows the
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6

first reference band RB1 spanning wider than the suspect
band SB, but where the suspect band SB overlaps the first
reference band RB1 in such a manner, that the first reference
band RB1 comprises the same wavelengths as the suspect
band SB. The first reference lower wavelength RLW1 there-
fore is at a lower wavelength than the suspect lower wave-
length SLW, and the first reference upper wavelength RUW1
has a higher wavelength than the suspect upper wavelength
SUW. The first reference band RB1 has a first centre wave-
length RCW1, and the suspect band has a suspect centre
wavelength SCW. The figure shows the two bands having a
common centre wavelength RCW1 and SCW.

FIG. 2B shows a related embodiment to that shown in FIG.
2A, only where they have dissimilar centre wavelengths SCW
and RCW1. For a change in temperature, the relative change
in intensity in the suspect and reference band must be equal in
order for the temperature dependency to cancel out. When
using radiation sources, actively powered or natural the rela-
tive change in intensity depends unlinearly on the wave-
lengths spanned by the bands. Therefore the unmatching cen-
tre wavelength can be introduced to improve stability to
temperature drift.

FIG. 3 illustrates the situation of a source emitting with a
spectral distribution represented by a general Planck curve
having a maximum radiation at the wavelength Amax, and
having a continuously decreasing radiation for increasing
wavelengths above Amax, so using a band AA between two
such wavelengths A1 and A2. The radiation R1 at the lower
wavelength A1 being larger than the radiation R2 at the upper
wavelength A.2.

Therefore, to ensure the same mean values (or averages) of
radiation, unmatching centre wavelengths are introduced giv-
ing different spans of wavelengths of the reference band(s)
below and above the suspect band respectively, where these
different spans then compensates the changing radiation
intensity.

FIG. 2C shows another embodiment where a second refer-
ence filter has been introduced into the system spanning over
a second reference band RB2 extending from a second refer-
ence lower wavelength RLW2 to a second reference upper
wavelength RUW2. The shown embodiment further has the
suspect band SB only partly overlapping both the first and
second reference bands RB1 and RB2 in such a manner, that
the suspect lower wavelength SLW is between the first refer-
ence lower wavelength RLW1 and the first reference upper
wavelength RUW1. The suspect upper wavelength SUW is
between the second reference lower wavelength RLW2 and
the second reference upper wavelength RUW2. The shown
embodiment has the first reference upper wavelength RUW1
being higher than the second reference lower wavelength
RLW2, but in other embodiments the first and second refer-
ence bands RB1 and RB2 might not overlap, meaning that the
first reference upper wavelength RUW1 would be lower or
equal to the second reference lower wavelength RLW2.

FIG. 2D shows an alternative embodiment with two refer-
ence filters (10) and (20), where none of the reference bands
RB1 and RB2 at least substantially overlaps the suspect band
SB, at least, but extends at each side of it, here meaning, that
the first reference upper wavelength RUW1 is not higher than
the suspect lower wavelength SLW, but could optionally be
the same, and the second reference lower wavelength RLW2
is not lower than the suspect upper wavelength SUW, but
could optionally be the same. The figure shows the two ref-
erence bands RB1 and RB2 having substantially the same
pass range of wavelengths, but as seen in FIG. 2E this may not
bethe case, the two reference bands RB1 and RB2 might have
very different pass ranges of wavelengths.
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The relative positions and sizes of the bands depends on a
number of factors, such as the tolerances of the edges of the
filters, the width of the suspect bandpass, the distribution of
the absorption lines of the suspect band, and of any other
gasses that might cause cross sensitivities.

In the example of the sensor (1) operating as a CO, sensor,
there is a spectral range A (CO,) in which IR radiation is
absorbed by CO,. That spectral range is located at about from
4.2 to 4.3 um. Accordingly, the suspect band SB could with
advantage have a suspect lower wavelength SLW at about 4.0
um and a suspect upper wavelength SUW at about 4.5 pm, or
with an even more narrow range of the suspect band from 4.1
um-4.4 um, or any other band covering the spectral range of
CO, The reference start and upper wavelengths then with
advantage could extend about 0.5 um above and below the
suspect lower wavelength SLW and suspect upper wave-
length SUW respectively.

FIG. 4 illustrates a first reference band RB1 and the suspect
band SB of the first embodiment of the invention as seen in
FIG. 1, where the suspect band has a unreduced energy indi-
cated by reference letter A. That energy is reduced by an
amount C which is absorbed by for example CO,. The two
sections of the first reference band RB1 extending at each side
of'the suspect band each has an energy indicated by reference
letters B. That energy is virtually constant, because it is not
affected by for example CO,.

A thermopile sensor is obtainable, for example, from
PerkinElmer Optoelectronics GmbH, D-65199 Wiesbaden,
Germany.

FIG. 5A shows one simple embodiment of a construction
of a filter arrangement (6), where the suspect filter (9) com-
prises two filter elements (11) and (12), the first suspect filter
element (11) defining the suspect upper wavelength SUW and
having a lower wavelength lower than the suspect lower
wavelength SLW. The second suspect filter element (12)
defines the suspect lower wavelength SLW and has an upper
wavelength substantially higher than the suspect upper wave-
length SUW. In the same manner the first reference filter (10)
comprises two filter elements (13) and (14) defining the first
reference upper wavelength RUW1 and the first reference
lower wavelength RLW1 respectively. Depending on the
number of filters like (9) and (10) introduced into the system,
any number of such constructions of filter elements (11), (12),
(13) and (14) may be introduced into the filter arrangement
(6). Some filter elements in this and any other embodiment
may be common to two or more of the filters when the filters
have the same end and/or lower wavelength, this being illus-
trated in FIG. 5B, where the two “upper’ filter elements (11)
and (13) is one common filter element.

FIG. 5C shows a similar sensor having a extra reference
filter, the second reference filter (20), and where each filter
only has a single filter element (21, 22, 23) comprising the
desired band pass characteristic both for the upper and lower
wavelengths, the suspect filter (21) thus both defining both the
suspect lower wavelength SLW and upper suspect wave-
length SUW. The first reference filter (22) defining both the
first reference upper and lower wavelengths RUW1 and
RLW1, and the second reference filter (23) defining both the
second reference upper and lower wavelengths RUW2 and
RLW2. The two filter elopements (22, 23) are in this illus-
trated embodiment connected to the same detector (16)
though in reality what would be done, is to add their signals
mathematically after they have been acquired by for example
two separated Thermopiles.

FIG. 5D shows an embodiment related to that of FIG. 5C,
only where a third detector (24) is connected to the second
reference filter (20).
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It shall be noted that any combination, permutation, num-
ber and positioning of filter elements (11, 12, 13, 14) as for
example disclosed in FIGS. 5A-D would apply to the present
invention.

In general the sensor could also be used to measure more
than one gas, then just including the needed number of sen-
sors, detectors etc., as it will be known to a craftsman.

The different energies are then detected by the detector
arrangement (7). The detector arrangement (7) has a first
detector (15) which detects the for example IR radiation
which passes through the suspect filter (9), and a second
detector (16) which detects the for example IR radiation
which passes through the first reference filter (10). The two
detectors (15) and (16) can be in the form of thermoelectric
elements which are also known as “thermopiles”, pyroelec-
tric IR-detectors, or any other kinds of known detectors. In
dependence upon the for example IR radiation that occurs,
each detector generates a voltage or a current, that is to say an
electrical quantity, which is the greater the more IR radiation
is incident. Accordingly, the first detector (15) generates a
signal S1 and the second detector (16) generates a signal S2.

Because, in a thermopile sensor, usually a temperature
measurement is carried out (because the output signal varies
with temperature), measurement of the temperature around
the sensor has already been incorporated. As it is conceivable
that the radiation temperature of the room is also obtainable
by means of the sensor, it is possible on the basis of those two
measurements simultaneously to obtain directly an operating
temperature which can then be used for controlling the room
temperature or something quite different.

In connection with IR it is also conceivable that measure-
ment of'a movement in the room is directly possible with the
sensor, which can then be used, for example, for controlling a
ventilating system, which, for example, is activated only in
the event of a movement indicating that there is someone in
the room. On the basis of various movement measurements it
is also conceivable that it would be possible to estimate the
number of people in the room, such an estimate also being
usable for control purposes, so that the room temperature or
the ventilation is controlled/modified in dependence upon the
number of people in the room.

The basic sensor of this invention such as the one seen in
FIG. 5A operates by the two signals S1, S2 being supplied to
the evaluating device (8). Accordingly, this gives

Sl=a(l, COzn)

S2=a(l,z)

where I, is the electrical quantity, for example the current or
the voltage, containing the information relating to the IR
absorption, while I, is the reference quantity that is not
affected by the IR absorption. When the difference between
S1 and S2 is formed (the “effective reference” being the part
of the reference band which does not include the suspect
band), for which purpose a difference former (17) is shown
diagrammatically, the following quantity is obtained:

51-82=a cpy-Lep)

That difference S1-S2 is normalized to the output signal
S1 of the first detector (15), so that a signal S3 is obtained.

_ S1 _ alleoy)
~ effectiveReference = (S2— S1) allrer)

The sensor of this invention may be used to measure any
kinds of gases, such like for example nitrogen, nitric oxides,
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oxygen or CO, and is not even limited to measure gasses, but
may also be used to measure the suspect in other forms like
liquids and solids. When changing suspect from CO,, the pass
bands would have to be shifted accordingly, for example the
absorption band of H,O is around 2.7 pm.

The sensor of the present invention may further comprise
any possible other optical components, for example a sap-
phire window, that acts as additional band pass filter, reflec-
tors, a collecting device, being a device that gathers or focuses
for example IR radiation, for example a collimator, posi-
tioned upstream of the sensor, etc.

It is also possible to use such a sensor directly for waste gas
monitoring. For that purpose, it is installed in the chimney or
exhaust. Particularly in the case of heating systems, combus-
tion can then be controlled with the aid of the output signals
of the sensor (or of a plurality of sensors).

This invention is not excluded to the above descriptions
and drawings, any permutation of the above descriptions and
drawings, including any number and permutations of filters
such as suspect filters (9) and reference filters (10, 20), filter
elements (21, 22, 23), detectors (15, 16, 24) etc. would also
apply to the present invention.

Further, this invention is not excluded to measuring gasses,
the sensor may as well be implemented in measuring sub-
stances in general being a part of a media, where the media is
not excluded to be a gas it self, but could for example be a
liquid.

An important aspect of the present invention is especially
related to operation temperature conditions that may change
(especially the temperature of the light source (3), but also the
of'the surroundings comprising the gas), either changing over
time simply in order to meet a number of different costumer
demands in one and the same product. The light source is
assumed to have source standard temperature T0, however
this may change as the temperature of the surroundings
changes, and/or as a delivered power to the light source (3)
changes.

An artificial light source will have a source standard tem-
perature TO since it typically will have a given operational
power demand, this being the main influence to the opera-
tional temperature. This given operational power demand
may then be used to define a source standard temperature T0.
The actual operational temperature however may change,
such as due to changes in delivered power, due to aging of the
light source etc.

The idea is to shift the (optionally system) reference centre
wavelength RCW relative to the suspect centre wavelength
SCW so that the temperature derivative of S3(T) at least
approximates to a minimum around the source standard tem-
perature T0, meaning dS3(T)/dT is at least approximately
minimized around T0. FIGS. 6A and 6B illustrates the situ-
ation, where R(T) is the emitted radiation at the temperature
T, in order to maximize stability of the system to temperature
changes and thereby arising changes in the emitted radiation
distribution.

FIG. 6A illustrates the emitted radiation curves at two
different temperatures T1 and T2, and FIG. 6B illustrates the
relation of these two curves R(T1) and R(T2) in the wave
band specified by the reference system lower wavelength
RLW and reference system upper wavelength RUW.

By choosing the shift of the reference centre wavelength
RCW relative to the suspect centre wavelength SCW such
stability may be obtained. This shift may be found by mini-
mizing dS3(T)/dT around T0.

The improvement in stability is especially important for
lower source temperatures, like for passive sources at room
temperature or chimney temperatures (200-300 degrees Cel-
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sius). This is because the lower the source temperature, the
greater the sensitivity towards changes in source tempera-
tures. In the same manner, gas measurements in the lower
wavelength range (<3 micro meters) are more affected by
changes in source temperature than measurements at longer
wavelength ranges. Hence the improvement potential greater
for the lower wavelengths range as for lower source tempera-
tures, albeit, improvements can be achieved for all source
temperature and wavelength ranges.

Although the invention above has been described in con-
nection with preferred embodiments of the invention, it will
be evident for a person skilled in the art that several modifi-
cations are conceivable without departing from the invention
as defined by the following claims.

What is claimed is:

1. A sensor having,

a filter arrangement,

a detector arrangement downstream from the filter arrange-

ment, and

an evaluating device which is connected to the detector

arrangement,

wherein the filter arrangement has a suspect filter config-

ured to pass through radiation with wavelengths withina
suspect band, and the filter arrangement has a reference
filter system with at least one reference filter, each ref-
erence filter of the at least one reference filter configured
to pass through radiation with wavelengths at least
within a reference band and where a reference system
band is the combined reference bands of all the reference
filters of the at least one reference filter,

wherein the detector arrangement has at least two detec-

tors,

wherein a first detector of the at least two detectors is

associated with the suspect filter and is configured to
provide a first output signal to the evaluating device and
a second detector of the at least two detectors is associ-
ated with one of the reference filters of the at least one
reference filter and is configured to provide a second
output signal to the evaluating device,

wherein the reference system band is distributed on both

sides of the suspect band,

wherein the evaluating device is configured to normalize a

difference between the first and second output signals to
the output signal of the first detector to obtain a signal S3
by dividing the difference between the first and second
output signals by the first output signal of the first detec-
tor, and

wherein the reference band of the at least one reference

filter has a centre wave length shifted relative to a sus-
pect centre wave length of the suspect band so that a
temperature derivative dS3(T)/dT of S3 is minimized
around a chosen temperature.

2. The sensor according to claim 1, wherein the suspect
band at least partly overlaps the reference system band.

3. The sensor according to claim 2, wherein the reference
system comprises a single filter, the single filter having a first
reference band.

4. The sensor according to claim 3, wherein the suspect
band and the first reference band have a different centre
wavelength.

5. The sensor according to claim 3, wherein all the wave-
lengths of the suspect band also are present in the first refer-
ence band.

6. The sensor according to claim 1, wherein the sensor
comprises any number of suspects filters for measuring any
number of different gasses.



US 9,329,121 B2

11

7. The sensor according to claim 1, wherein the chosen
temperature is a source standard temperature T0.

8. The sensor according to claim 1, wherein the sensor
comprises a light source having a source standard tempera-
ture TO.

9. A sensor system comprising,

a light source having a source standard temperature T0,

a filter arrangement,

a detector arrangement downstream of the filter arrange-

ment, and

an evaluating device which is connected to the detector

arrangement,

wherein the filter arrangement has a suspect filter config-

ured to pass through radiation with wavelengths within a
suspect band, and the filter arrangement has a reference
filter system with at least one reference filter, each ref-
erence filter of the at least one reference filter configured
to pass through radiation with wavelengths at least
within a reference band and where a reference system
band is the combined reference bands of all the reference
filters of the at least one reference filter,

wherein the detector arrangement has at least two detec-

tors,
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wherein a first detector of the at least two detectors is
associated with the suspect filter and is configured to
provide a first output signal to the evaluating device and
a second detector of the at least two detectors is associ-
ated with one of the reference filters of the at least one
reference filter and is configured to provide a second
output signal to the evaluating device,

wherein the evaluating device is configured to normalize a
difference between the first and second output signals to
the output signal of the first detector to obtain a signal S3
by dividing the difference between the first and second
output signals by the first output signal of the first detec-
tor, and

wherein the reference system band is distributed on both
sides of the suspect band such that a temperature deriva-
tive dS3(T)/dT of S3 at least substantially forms a mini-
mum around a source standard temperature T0.

10. The sensor system according to claim 9, wherein the

reference band of at least one reference filter has a centre

20 wave length shifted relative to a suspect centre wave length of

the suspect band so that dS3(T)/dT at least substantially
forms said minimum around T0.
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